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Abstract
Research has shown that there may be a connection between flexibility and balance when
evaluating fall risk in older adults and flexibility’s effect on a balance test (Emilio, HitaContreras, Jiménez-Lara, Latorre-Román, & Martínez-Amat, 2014); Overmoyer & Reiser,
(2015). Balance is an important component of many sport movements, and has been shown to be
particularly important in shooting performance in both novice and Olympic rifle athletes
(Mononen, Konttinen, Viitasalo, Era, 2007; Ball, Best, Wrigley, 2003). The purpose of this study
was to find if there was a relationship between a rifle athlete’s flexibility and their balance
ability, to determine if flexibility training would be beneficial to incorporate into their training
program. Sixteen participants (nine females, seven males) went through two trials of ten different
range of motion measurement. Between range of motion trials the participants conducted the
Postural Stability Test on the Biodex Stability System (BBS, Biodex, Inc., Shirley, New York) to
determine their overall stability index, a measure of their balance. The range of motion values
were compared to the overall stability index. No significant correlations were found when
evaluating all the participants. The male participants alone showed a stronger correlation than
females when evaluating the maximum and minimum measurements of flexibility together. The
lack of strong correlations between flexibility measurements and balance would require further
research to determine if there is a stronger relationship between flexibility and balance.
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The Impact of Flexibility on Balance in Rifle Athletes
Flexibility can be defined in multiple ways. There are two different types of flexibility
according to the Gleim, & McHugh, (1997) static and dynamic flexibility, or stiffness. Static
flexibility has been defined as the range of motion that is possible to a joint or series of joints
which can be measured using different flexibility tests including the sit and reach test (Gleim et
al., 1997). Dynamic or active stiffness is referred to “the ability to transiently deform contracted
muscle” (Gleim et al., 1997, pg. 290), measured using a damped oscillation technique. Static
stretching training programs are linked to improving chronic flexibility, along with strength
training. Flexibility training with injury prevention has been controversial throughout research
studies and results can vary depending on the sport of the athlete. Generally, flexibility training
is assumed to prevent muscle strain injuries, due to a more compliant muscle. The effect of
flexibility training varies due to differences in the muscle fiber types in the individuals, and the
activities that they participate in. Flexibility training needs to be different and customized
depending on the sport of the athlete, and the movements that it requires. The viscoelastic and
mechanical properties of the tissues can also affect the range of motion (ROM) that a joint can
offer. Measurements of static flexibility does not show the effect of mechanic properties of the
muscles, but measurements of dynamic flexibility may show the effect changes in mechanic
properties may have after a muscle strain. It has been shown that flexibility can have a positive
or negative effect, based on the type of activity and the type of athlete, leading to further research
needed to know whether flexibility training would be beneficial for a specific activity or athlete,
such as a rifle athlete (Gleim et al., 1997).
Balance is defined as an individual’s ability to maintain their center or mass, or “line of
gravity within their base of support (Balance, 2019). Balance can be separated into static and
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dynamic balance. Static balance is the “ability to maintain the body in some fixed posture”, or in
a fixed position (Balance, 2019). Dynamic balance can be defined as “the ability to maintain
postural stability and orientation with the centre of mass over the base of support while the body
parts are in motion” (Balance, 2019). Through a study done by Emilio (2014), flexibility has
been linked to dynamic balance. Flexibility has also been linked to scores from the Y-Balance
Test which assesses balance in relation to injury risk in average or older populations by
balancing on one leg, while reaching the other as far anterior, posterior to the right, and posterior
to the left as the participant can reach (Overmoyer & Reiser, 2015). This still left unknown how
flexibility may affect static balance for an athletic population.
In rifle athletics, static balance plays a major role in an athlete’s performance. It is shown
postural or static balance, or the ability to maintain the center of mass on the base of support, is a
predictor of performance or shooting accuracy in Olympic and novice rifle athletes (Ball et al.,
2003; Mononen et al. 2007). Training that could improve balance, such as flexibility training
may lead to increased shooting accuracy, and in turn improvement in rifle athletes performance.
In a similar study evaluating flexibility on balance with archery athletes, only small correlations
were found due to a small population size, not allowing a clear conclusion to be made whether
flexibility is a predictor of improved balance (Ziebell, Bosak, Lowell, Phillips, Nelson, &
Sanders, 2018). The purpose of this research is to evaluate and determine if there is a positive
correlation between flexibility measurements and balance ability specific to rifle athletes.
Literature Review
Flexibility training has been researched for its benefits in a wide range of activities and
populations. Research has shown that flexibility training has been able to decreases active
stiffness with explosive sport movements (Gleim et al., 1997). Flexibility training has shown to
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improve the speed and force of these explosive movements. With endurance activities, economy
or VO2 was found to be higher in individuals with lower flexibility, showing that flexibility
would not be beneficial with endurance athletes (Gleim et al., 1997). The benefits flexibility
training has can vary widely depending on the sport, showing to be beneficial in explosive speed
movements, and possible disadvantageous for endurance activities.
Flexibility training has also been studied with its impact on balance. In older adults, a
high risk of falls is shown to be linked to the flexibility and lumbar strength of the individuals
(Emilio et al., 2014). Exercise programs that are aimed to improve lumbar strength and
flexibility through proprioceptive exercises are shown to also improve balance, which could
decrease the risk of falls in the older population. The purpose of this study was then to
understand the effect a proprioceptive exercise program has on flexibility, balance, and lumbar
strength, along with evaluating how these three factors are related to each other. The participants
used in this study fell into a treatment group of twenty-eight participants which received a 12week proprioceptive exercise program, and a control group of twenty-six participants which
received usual care (Emilio et al., 2014). Emilio, et al., (2014) evaluated the flexibility, lumbar
strength, and static and dynamic balance before and after the treatment for both groups.
Flexibility was evaluated using the chair sit and reach test, along with a goniometer (Emilio et
al., 2014). Dynamic Balance was evaluated using the timed get up and go test, by measuring how
far the individual could walk on the balance beam in a set amount of time, timing how long the
individual can balance standing still (Emilio et al., 2014). Static balance was measured using the
blind flamingo test, counting the amount of trials needed to stand in a fixed position for 30
seconds (Emilio et al., 2014). The Berg Balance Test, which is a series of balance tasks that are
graded on the individual’s performance, was used to assess functional balance (Emilio et al.,

IMPACT OF FLEXIBILITY ON BALANCE IN RIFLE ATHLETES

6

2014). Lumbar strength was measured using a digital dynamometer (Emilio et al., 2014). The
risk of falls was evaluated using the Tinetti scale (Tinetti, Williams, & Mayewski, 1986). The
Tinetti scale involves a gait evaluation, scoring the participants from 0-2 based on impairment on
aspects of their gait, such as initiation, step length, step symmetry, trunk sway, etc. It also
involves a balance evaluation, scoring the participants from 0-2 on their ability to sit, arise, their
immediate standing balance, standing balance, ability to maintain balance after being nudged,
with eyes closed, turning around and sitting (Emilio et al., 2014). The group that received the
proprioceptive exercise class was shown to have significantly improved lumbar strength, lower
body flexibility, and dynamic balance (Emilio et al., 2014). Hip-joint flexibility along with static
balance were not improved. Emilio et al. (2014) also showed that flexibility, balance, and
strength are all related. Fall risk was found to be associated with balance ability, but not
flexibility. In conclusion, the results show that increases in lumbar strength, flexibility, and
dynamic balance can decrease risk of falling in older adults, and these aspects are related to one
another.
Balance and flexibility have also been shown to be related when evaluating the effect
flexibility has on a balance test. Flexibility can be time consuming and hard to measure using
traditional goniometer measurements due to multiple joints and multiple planes of movement per
joint that would need to be measured, along with its difficulty to master. Overmoyer and Reiser
(2015) wanted to determine the relationship between the Y Balance Test (Plisky, Rauh,
Kaminski, Underwood, 2006), which is used to assess injury, and flexibility to show its use with
determining muscle imbalances and injury risk associated with low flexibility. The Y Balance
Test which consists of balancing on one leg, while reaching the other as far anterior, posterior to
the right, and posterior to the left as the participant can reach, has been shown to be predictive in
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showing low flexibility. The twenty participants made up of nine men and eleven women in this
study completed the Y Balance Test (Overmoyer & Reiser, 2015). The researchers then
measured the range of motion of nine joints for each participant through active range of motion
using a goniometer. The tests were preceded by a short warm up that did not involve stretching
(Overmoyer & Reiser 2015). Overmoyer & Reiser (2015) found that the scores of the Y Balance
Test correlated with the active range of motion values. This showed that the test can show an
increased risk for injury due to low flexibility along with showing muscle imbalances. This study
also displays that balance is related to lower limb flexibility (Overmoyer & Reiser 2015). This
illustrates the relationship of static flexibility measured using a goniometer to static balance of
the individual measured through a balance test.
Postural stability, or static stability, along with rifle stability have shown to be a factor
when evaluating shooting accuracy with rifle athletes. A study done by Mononen et al. (2007) set
out to evaluate the relationship between postural balance and rifle stability with shoot score, and
to see how this relationship can change from person to person. If it is shown to be related, then
balance programs can be effective in improving performance for rifle athletes. For this study,
fifty-eight right-handed participants that were novice rifle shooters with standard military
shooting training were instructed to shoot at a stationary target (Mononen et al., 2007). Their
balance was measured using a triangle shaped platform with sensors attached. Their rifle
stability and shooting score were evaluated using a shooting training system called the Noptel ST
2000 sport (Noptel Inc., Oulu, Finland, www.noptel.com) (Mononen et al., 2007). The results
demonstrate that there is a relationship between postural stability and rifle score when evaluating
it between subject relationships, showing that stability or balance can influence the shooting
accuracy of the individual (Mononen et al., 2007). This study also revealed that postural stability
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can affect shooting accuracy directly through balance, or indirectly by influencing the gun
stability (Mononen et al., 2007). This research indicates that balance programs can improve
shooting performance when evaluating novice rifle shooters.
Balance has been evaluated with its effect on performance with Olympic rifle shooters. In
a study by Ball et al., (2003), the relationship between body sway, aim point fluctuation and
performance was evaluated. Six elite shooters who have competed at the Olympic level
participated in the study (Ball et al., 2003). The participants were instructed to shoot twenty
shots with conditions that are similar to competition. Body sway was measured using a force
plate called AMTI LG6-4 (Advanced Mechanical Technologies, Inc., Massachusetts). Shooting
performance and aim point fluctuation was measured using SCATT hardware and software
(SCATT Shooting Performance and Analysis System, Zao, Russia). The intra-individual analysis
results showed that body sway and shooting score had a negative correlation (Ball et al., 2003).
As center of position movement increased, the shooting score decreased. This study found there
was only a correlation between body sway and performance when evaluating the shooters at the
intra-individual level (Ball et al., 2003). This study demonstrates that there is an individual
association between body sway and performance. Body sway directly links to balance,
indicating that there could also be a correlation between balance and performance.
Balance can be measured through a variety of systems. One system that has shown to be
reproducible and reliable is the Biodex Stability System (BBS, Biodex, Inc., Shirley, New York).
One study conducted by Aydog, S.T., Aydog, E., Doral M. N., & Cakci, A (2004), evaluated the
reproducibility of Balance Test Scores using the Biodex Stability System (BBS, Biodex Inc.,
Shirley, New York) when testing blind athletes. Participants in this study included eighteen goal
ball players that had total congenital blindness (Aydog et al., 2004). The participants were tested
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over two days, with three trials each day using the bilateral stance of the Biodex Stability System
(BBS, Biodex Inc., Shirley, New York) on the system’s most stable surface (Aydog et al., 2004).
The results showed that there were no significant differences between each of the participant’s
six trials, between the mean test score of each day, and the mean of the best score (Aydog, 2004).
Aydog et al. (2004) conclude that the Biodex Stability System (BBS, Biodex Inc., Shirley, New
York) can produce acceptable reproducibility for all the indices, more so for overall stability
index and anteroposterior index. This shows the Biodex Stability System (BBS, Biodex Inc.,
Shirley, New York) is reliable in measuring balance in blind athletes.
Flexibility was also evaluated for its relationship to static balance in archery athletes.
With the association between flexibility of balance being demonstrated through earlier studies,
flexibility training with balance in archery athletes was investigated, to see if flexibility training
could improve archery performance (Ziebell, et al., 2018). Eleven participants including seven
males and four females conducted a submaximal aerobic test and a warm-up (Ziebell, et al.,
2018). Then range of motion was evaluated using a goniometer and a series of flexibility tests
including ‘sit and reach test’, ‘back scratch test’, ‘trunk extension test’. Static balance was
evaluated using the athletic single leg assessment test on the Biodex Stability System (BBS,
Biodex, Inc., Shirley, New York). Due to small subject size and other factors, only small
correlations were found between flexibility and balance (Ziebell, et al., 2018). This study was
specific to archery athletes requiring further research to evaluate flexibility’s effect on balance
relating to other sports.
Flexibility training has been shown to be beneficial for different sport movements, and
beneficial for improving balance in older adults (Gleim et al., 1997; Emilio et al., 2014).
Flexibility has also been shown to affect balance score on different balance tests such as the Y
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Balance Test ( Overmoyer & Reiser 2015). Balance is shown to be a predictor in performance in
different populations of rifle athletes, along with other sports that require balance, (Mononen et
al., 2007; Ball et al., 2003; Ziebell, et al., 2018). The purpose of this research is to evaluate the
effect of flexibility on balance in rifle athletes, using goniometer measurements to evaluate
flexibility and the Biodex Balance System (BBS, Biodex Inc., Shirley, New York) to measure
balance. Therefore, the research questions are would flexibility training have an effect on an
athlete’s balance, and what is that effect?
Methods
This research was approved by The University of Akron’s Institutional Review Board
(Appendix C). A total of sixteen subjects (nine females, seven males) participated in the study.
All participants were from The University of Akron Rifle Team. A PAR-Q and an informed
consent was completed by each participant in the study, included in Appendix A and B
(Warburton, Jamnik, Bredin, & Gledhill, 2011). Each participant went through a short warm up,
which included ten hip circles in each direction, ten lunges with trunk rotation, and ten leg
swings to the participant’s full range of motion forward and backward on each leg. After the
warm-up, range of motion measurements were conducted on all the participants using a
goniometer (Prestige Medical, Model Number 64). Ten different range of motion measurements
were obtained on each side of the body. These measurements included hip flexion, hip extension,
hip abduction, hip adduction, hip internal rotation, hip external rotation, trunk lateral flexion,
trunk extension, trunk flexion, and trunk rotation. One round of all the range of motion
measurements were taken on both the right and left sides of the body.
Static balance was then determined using the Postural Stability Test on the Biodex
Balance System (BBS, Biodex Inc., Shirley, New York). The participant’s age and height was

IMPACT OF FLEXIBILITY ON BALANCE IN RIFLE ATHLETES

11

entered into the Biodex Balance System (BBS, Biodex Inc., Shirley, New York). The number
corresponding to the participant was entered for the participant’s name. Participants stood on the
platform in a position similar to their standing position during competitions. Each participant’s
foot placement given by the Biodex Balance System (BBS, Biodex Inc., Shirley, New York)
according to their height. Shoes were removed for the test. The Postural Stability Test consisted
of three trials, with each trial lasting twenty seconds. Between each trial there was a ten second
break where the platform stabilized. Each participant was given one practice trial before
conducting the actual test to allow for familiarity of the balance test. The test had a platform
stability at level 1 (most unstable) due to the participants being in healthy condition. A lower
overall stability index indicates better postural control, or a better ability to maintain center or
balance. The overall stability index value from the Postural Stability Test Results was used in
comparison to range of motion values. Then the range of motion measurements were repeated
following the balance test.
Data Analysis
The average range of motion for both right and left side of the body for type of
movement were compared to the overall stability indices using Pearson’s Correlation. The
average range of motion of both legs for each movement was also compared to the overall
stability indices using Pearson’s Correlation. The p-value for the R values calculated from
Pearson’s Correlation were calculated and recorded with a significant p-value of p ≤ 0.05.
A statistical consulting team from The University of Akron made up of Noah Hellenthal,
Marie Kokora, Eric Zimmerman, and their faculty leader Dr. Richard Einsporn then analyzed the
data. The maximum and minimum range of motion values of each movement were compared to
the overall stability indices of all the participants. This was to account for the difference in
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dominant shooting hand, assuming the grouping of each athlete’s maximum and minimum range
of motion will allow for the dominant side of each athlete to be compared together. The data was
further separated and analyzed according to gender, with the maximum and minimum range of
motion values compared to the overall stability indices for each gender.
Lastly the data also analyzed the maximum minus the minimum range of motion values
compared to the overall stability indices. First all the participants were grouped together to
compare the maximum minus the minimum range of motion values with the overall stability
indices, then the participants were separated by gender and analyzed. This was to determine if an
imbalance in flexibility between the dominant and nondominant sides would also affect the
athlete’s balance score. The range of motion measurements were taken on the same day as the
balance scores.
Results
Very low correlation values (≤0.47) were found for when comparing the left, right, and
both sides of the range of motion values with the overall stability index of all the participants,
with all the p-values being above 0.05, showing to be statistically insignificant. These values
along with their p-values were shown in Table 1. Very low correlations (≤-0.47) were also found
when comparing the maximum and minimum range of motion values of all the participants with
the overall stability indices, along with non-significant p-values. These values are shown in
Table 2.
Very low correlations (≤0.44) were found for most of the movements except for hip
flexion for the female participants. Moderate correlations were found for Hip Flexion for both
the maximum (0.79) and the minimum (0.64), both with the only significant p-values (8.21 x 10 5

, 0.004) comparing maximum and minimum range of motion values to the overall stability
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indices of all the female participants. These values can be found in Table 3. The scatterplots
showing the relationship between hip flexion and overall stability index in Figure 1.
Moderate correlations were found with statistically significant p-values for the
correlations for the maximum and minimum hip abduction measurements (0.62) (0.64),
maximum hip medial rotation measurements (-0.65), maximum and minimum hip lateral rotation
measurements (0.72) (0.58), and trunk extension measurements (0.58) when evaluating the male
participants, all shown in Table 4. The scatterplots showing the relationship between hip
abduction, hip medial rotation, hip lateral rotation, and trunk extension with the overall stability
indices are shown in Figure 2.
Very Low correlations (≤0.39) with no significant p-values were found when evaluating
the maximum minus minimum range of motion values compared to the overall stability indices
of all the participants, which is shown in Table 5.
A moderate correlation (-0.58) with a significant p-value (0.02) was found when
evaluating maximum minus minimum values for trunk lateral flexion compared to the overall
stability index for the female participants. The rest of the range of motion measurements for the
female participants were shown to be low correlations (≤0.48) with no significant p-values. The
scatterplot of the data is shown in Figure 3.
Moderate Correlations were found when evaluating maximum minus minimum values for
male participants for trunk extension (0.58), trunk rotation (0.77), hip medial rotation (0.50), hip
lateral rotation (0.61), hip flexion (0.71), and hip abduction (0.58), all with significant p-values.
The scatterplot showing the data for these movements are shown in Figure 4.
Conclusion
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Flexibility can have a wide range of effects, depending on the sport or athlete that is
being evaluated. Previous research has shown that balance may have an effect on flexibility with
different populations (Emilio et al., 2014; Overmoyer & Reiser, 2015). Since balance has been
shown to be a factor in rifle shooting accuracy in performance of novice and elite athletes,
researching factors that may improve balance may lead to better training programs to improve
performance (Ball et al., 2003; Mononen et al., 2007). The purpose of this research was to
evaluate and determine if there is a positive correlation between flexibility measurements and
balance ability specific to rifle athletes.
Overall, an increase in flexibility does not seem to correlate to an increase in balance
ability. When evaluating flexibility of aggregate participants, no statistical significance was
found, and correlation values all were shown to be low, showing the data to be widespread and
not predictive of one another. When the participants were separated by gender, the correlation
values for the female participants only showed to be statistically significant for hip flexion
(Table 3) and the imbalance in trunk lateral flexion (Table 6), which all showed to have a
negative relationship between each other according to Figures 1 and 3. This would suggest that
flexibility training may be detrimental, or may not have any effect on balance in female rifle
athletes, but due to moderate to low correlations, no definite conclusions can be made. The
correlations for the male participants were shown to be statistically significant for many more
movements, including hip abduction, hip medial rotation, hip lateral rotation, trunk extension
(Table 4), along with an imbalance in flexibility for trunk extension, trunk rotation, hip medial
rotation, hip lateral rotation, hip flexion, and hip abduction (Table 7). This would suggest that
flexibility training may be more beneficial in male rifle shooters, showing a positive relationship
for between flexibility and balance for all the movements except the minimum value for hip
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medial rotation, shown in Figures 2 and 4, but due to only moderate correlation values, no
definite conclusions can be made. Differences between males and females could be since females
tend to be more flexible than males. In conclusion, flexibility training may be beneficial in male
rifle shooters, and may be detrimental in female rifle shooters, but due to moderate to low
correlation values and wide spread data, further research would be needed to determine a
stronger relationship between flexibility and balance.
There are several limitations that could have affected the results of this study. The range
of motion measurements and the balance scores were taken according to the participant’s
schedule, rather than all the participants being tested on the same day. A participant’s range of
motion or balance score could have been affected due to the training or activities before testing.
The sample size was also small, with only sixteen participants, and was made even smaller when
the data was separated by gender, causing less data to see a correlation. The population studied
also created a restricted range, with all the participants being healthy, and having well developed
balance as all were college athletes, showing a smaller balance scores from person to person. The
general population may show more of a range of balance scores and flexibility values. Future
research could evaluate novice and collegiate athletes, to produce a wider range of flexibility
measurements and balance scores. This would also increase the sample size, allowing for more
data to determine a conclusion. Future studies incorporating a bigger population along with
eliminating other factors such as time of day, and activities participated in prior to testing could
lead to more conclusive results.
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Tables

Correlation Between Range of Motion Measurements
(Left/Right/Both) and Balance Scores
Movement

Pearson's Correlation

P-Value

Hip Flexion (Right)
Hip Flexion (Left)
Hip Flexion (Both)
Hip Extension (Right)
Hip Extension (left)
Hip Extension (Both)
Hip Abduction (Right)
Hip Abduction (Left)
Hip Abduction (Both)
Hip Adduction (Right)
Hip Adduction (Left)
Hip Adduction (Both)
Hip Medial Rotation (Right)
Hip Medial Rotation (Left)
Hip Medial Rotation (Both)
Hip Lateral Rotation (Right)

-0.197488505

0.46347117

-0.210360873
-0.215131527
-0.283650671
-0.034855146

0.434215271
0.423619351
0.287043552
0.898031109

-0.250898746
0.111880928
0.102856926
-0.014558007
-0.139725635
0.028967219
0.002536491
-0.289662477
-0.414226975
-0.380281427

0.348604602
0.679957646
0.704642168
0.957325029
0.60577803
0.915192618
0.992561539
0.276503875
0.110682691
0.146225784

0.294849021

0.267601991

Hip Lateral Rotation (Left)
Hip Lateral Rotation (Both)
Trunk Lateral Flexion (Right)
Trunk Lateral Flexion (Left)

0.032900206
-0.024690412

0.903724824
0.927680674

0.328624219
0.141574534

0.213962825
0.600968498

Trunk Lateral Flexion (Both)
Trunk Extension
Trunk Flexion
Trunk Rotation (Right)
Trunk Rotation (Left)
Trunk Rotation (Both)

-0.045171765
0.304547135
0.235890025
0.334490974
0.469625098
0.416034194

0.868067468
0.251432023
0.37911519
0.20540824
0.066450674
0.108978966

Table 1: This shows Pearson’s Correlation and the P-Values comparing the range of motion
values of the right, left and both sides of the body of all the participants to the overall stability
indices.
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Correlation Between Range of Motion Measurements
(Max/Min) and Balance Scores
Movement

Hip Flexion (Max)
Hip Flexion (Min)
Hip Extension (Max)
Hip Extension (Min)
Hip Abduction (Max)
Hip Abduction (Min)
Hip Adduction (Max)
Hip Adduction (Min)
Hip Medial Rotation (Max)
Hip Medial Rotation (Min)
Hip Lateral Rotation (Max)
Hip Lateral Rotation (Min)
Trunk Lateral Flexion
Trunk Lateral Flexion
Trunk Extension
Trunk Flexion
Trunk Rotation (Max)
Trunk Rotation (Min)

Pearson's Correlation P-Value
-0.163431517 0.545320947
-0.255488711 0.339559359
-0.184043873 0.495034443
-0.14356749 0.595801474
0.07621673 0.779059793
-0.004101865 0.987971204
-0.262832447 0.325368779
-0.262628166 0.325758817
-0.264787786 0.321649084
-0.468763526
0.06701905
0.190120561
0.158935472
0.168865225
0.317091125
0.304547135
0.235890025
0.411517935
0.410544379

0.480643753
0.556579684
0.531849863
0.231435726
0.251432023
0.37911519
0.113271413
0.11421198

Table 2: This shows Pearson’s Correlation and the P-Values comparing the maximum and
minimum range of motion values of all the participants to the overall stability indices.
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Correlation Between Range of Motion Measurements
(Max/Min) and Balance Scores of the Female
Participants
Movement

Hip Flexion (Max)
Hip Flexion (Min)
Hip Extension (Max)
Hip Extension (Min)
Hip Abduction (Max)
Hip Abduction (Min)
Hip Adduction (Max)
Hip Adduction (Min)
Hip Medial Rotation (Max)
Hip Medial Rotation (Min)
Hip Lateral Rotation (Max)
Hip Lateral Rotation (Min)
Trunk Lateral Flexion (Max)
Trunk Lateral Flexion (Min)
Trunk Extension
Trunk Flexion
Trunk Rotation (Max)
Trunk Rotation (Min)

Pearson's Correlation
0.794482165
0.648616236
-0.253541867
-0.207266852
0.311444665
0.193742144
-0.081506751
0.169677389
-0.082691995
-0.081646422
-0.439590804

P-Value
8.20583E-05
0.003593083
0.310022447
0.409231394
0.208368929
0.44111601
0.764116347
0.52984933
0.760778705
0.763722831
0.088429134

-0.426354971 0.099600818
-0.085909723
-0.0532
0.053491692
0.1095784
-0.17937369
-0.166138045

0.751737669
0.844864148
0.844023229
0.686228293
0.5062313
0.538592246

Table 3: This shows Pearson’s Correlation and the P-Values comparing the maximum and
minimum range of motion values of the female participants to the overall stability indices. The
blue highlighted values were found to be statistically significant.
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Figure 1: This is a scatterplot of the data comparing the maximum and minimum range of
motion values for hip flexion to the overall stability indices that were found to be statistically
significant in the female participants.

Correlation Between Range of Motion Measurements
(Max/Min) and Balance Scores of the Male Participants
Movement

Hip Flexion (Max)
Hip Flexion (Min)
Hip Extension (Max)
Hip Extension (Min)
Hip Abduction (Max)
Hip Abduction (Min)
Hip Adduction (Max)
Hip Adduction (Min)
Hip Medial Rotation (Max)
Hip Medial Rotation (Min)
Hip Lateral Rotation (Max)
Hip Lateral Rotation (Min)
Trunk Lateral Flexion (Max)
Trunk Lateral Flexion (Min)
Trunk Extension
Trunk Flexion
Trunk Rotation (Max)
Trunk Rotation (Min)

Pearson's Correlation
0.149762521
-0.165037363
-0.05937188
-0.067310338
0.61971792
0.63925431
-0.047199436
-0.258067487
-0.65485431
-0.496245968

P-Value
0.55309119
0.51282989
0.814972922
0.790722574
0.006085619
0.004286132
0.862196797
0.33453673
0.005904673
0.050569273

0.716202285
0.584831517
0.037401537
-0.327435903
0.580860868
0.415995268
0.472668255
0.373459226

0.00180338
0.017335095
0.890621837
0.215722911
0.018300141
0.109015468
0.064471282
0.154206033

Table 4: This shows Pearson’s Correlation and the P-Values comparing the maximum and
minimum range of motion values of the male participants to the overall stability indices. The
blue highlighted values were found to be statistically significant.
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Figure 2: This is a scatterplot of the data comparing the maximum and minimum range of
motion values to the overall stability indices that were found statistically significant in the male
participants.
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Correlation Between Range of Motion Measurements
(Max-Min) and Balance Scores
Movment
Trunk Lateral Flexion (Max-Min)
Trunk Extension
Trunk Flexion
Trunk Rotation (Max-Min)
Hip Adduction (Max-Min)
Hip Medial Rotation (Max-Min)
Hip Lateral Rotation (Max-Min)
Hip Flexion (Max-Min)
Hip Extension (Max-Min)
Hip Abduction (Max-Min)

Pearson's Correlation
-0.217539754
0.304547135
0.235890025
0.108148346
0.048669449
0.391950716
0.061258644
0.189870465
-0.188434223
0.184492954

P-Value
0.418322
0.251432
0.379115
0.690133
0.857945
0.133235
0.821693
0.481232
0.484617
0.493964

Table 5: This shows Pearson’s Correlation and the P-Values comparing the maximum minus
minimum range of motion measurements of all the participants to the overall stability indices.

Correlation Between Range of Motion
Measurements (Max-Min) and Balance Scores of
the Female Participants
Movment
Pearson's Correlation P-Value
Trunk Lateral Flexion (Max-Min)
-0.580255837 0.018451
Trunk Extension
0.053491692 0.844023
Trunk Flexion
0.1095784 0.686228
Trunk Rotation (Max-Min)
-0.137333162 0.612024
Hip Adduction (Max-Min)
0.354101254 0.178432
Hip Medial Rotation (Max-Min)
0.32419591 0.220569
Hip Lateral Rotation (Max-Min)
-0.179544327 0.50582
Hip Flexion (Max-Min)
-0.240578889 0.369431
Hip Extension (Max-Min)
-0.478504978 0.060796
Hip Abduction (Max-Min)
-0.139890316 0.605349

Table 6: This shows Pearson’s Correlation and the P-Values comparing the maximum minus
minimum range of motion measurements of the female participants to the overall stability
indices. The blue highlighted values represent the measurement that is statistically significant.
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Figure 3: This shows the scatterplot of the data comparing the maximum minus minimum range
of motion to the overall stability indices for trunk lateral flexion that were found to be
statistically significant in the female participants.

Correlation Between Range of Motion
Measurements (Max-Min) and Balance Scores of
the Male Participants
Movment
Pearson's Correlation P-Value
Trunk Lateral Flexion (Max-Min)
0.23507374 0.380815
Trunk Extension
0.580860868
0.0183
Trunk Flexion
0.415995268 0.109015
Trunk Rotation (Max-Min)
0.774554186 0.000427
Hip Adduction (Max-Min)
-0.039598888 0.884235
Hip Medial Rotation (Max-Min)
0.504835933 0.046105
Hip Lateral Rotation (Max-Min)
0.611833285 0.011776
Hip Flexion (Max-Min)
0.714023795 0.00189
Hip Extension (Max-Min)
0.012361393 0.96376
Hip Abduction (Max-Min)
0.584760369 0.017352

Table 7: This shows Pearson’s Correlation and the P-Values comparing the maximum minus
minimum range of motion measurements of the male participants to the overall stability indices.
The blue highlighted values represent the measurement that is statistically significant.
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Figure 4: This shows the scatterplot of the data comparing the maximum minus minimum range
of motion values for all movements that were found to be statistically significant in the male
participants.

